Supramolecular self-assembly is an attractive pathway for bottomup synthesis of novel nanomaterials. In particular, this approach allows the spontaneous formation of structures of well-defined shapes and monodisperse characteristic sizes. Because nanotechnology mainly relies on size-dependent physical phenomena, the control of monodispersity is required, but the possibility of tuning the size is also essential. For self-assembling systems, shape, size, and monodispersity are mainly settled by the chemical structure of the building block. Attempts to change the size notably by chemical modification usually end up with the loss of self-assembly. Here, we generated a library of 17 peptides forming nanotubes of monodisperse diameter ranging from 10 to 36 nm. A structural model taking into account close contacts explains how a modification of a few Å of a single aromatic residue induces a fourfold increase in nanotube diameter. The application of such a strategy is demonstrated by the formation of silica nanotubes of various diameters.
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size control | mineralization | structural approach | size prediction M any fundamental properties of materials are characterized by length scales on the order of 10 to 200 Å. If a crystal is made such that at least one of its dimensions is smaller than the length scale of some property, then that property is "confined" and becomes dependent on the size and shape of what is now called a "quantum crystal." This is true, for example, of electron conduction, but also for the optical and other physical and chemical (e.g., oxidation-reduction) properties of semiconductor nanoparticles that become sensitive to their size and shape. Among the most spectacular and well-known examples are the so called quantum dots, the optical properties of which being directly linked to their size (1) . There has been rapid progress in the development of nanomaterials such as nanowires, nanotubes, nanoparticles, and nanocrystals, which show superior electronic, magnetic, optical, and mechanical properties as compared with their bulk counterparts. These materials are extremely attractive as building blocks for various applications, as, for instance, electronic and magnetic devices (2), catalysis (3), nanolasers (4), nanofluidics (5), nanolithography (6) drug delivery, tissue engineering (7), biosensors (8) (9) (10) , and medicine (11) . A very interesting aspect of these nanomaterials is that their physical and chemical properties are tunable via the control of their size and shape (12) . Therefore, a formidable challenge is to achieve control over the average size and size distribution of the nanomaterials.
The classic approach to size control that has been used, for example for semiconducting quantum dots, is nucleation and growth (13) . An alternative strategy consists of using a template of a precise shape and size to produce nanostructures. For example, on some porous membranes that contain cylindrical pores of uniform diameter, monodisperse nanocylinders of the desired material, whose dimensions can be carefully controlled, can be obtained (14) .
For this templating strategy, one promising approach is to use bio-inspired tactics (12, 15) to build the templates. Indeed, within living organisms, efficient strategies can be found to accomplish fully functional and controlled nano-architectures based on the very specific self-assembly of proteins, lipids, and/or DNA in water and in very mild conditions of temperature, pressure, and pH, such as intracellular cytoskeletons, actin filaments, and extracellular collagen assemblies, chromatin, membranes, etc. Moreover, there are numerous examples of composite materials for which the organic part serves as a template for mineralization (16) (17) (18) (19) . In the field of nanotechnology, the most famous example is the capsid of tobacco mosaic virus, which can be reconstituted in vitro (20) and used as a template for the synthesis and assembly of semiconductor and magnetic nanowires (19, 21) . This historical first example has been followed by simpler systems consisting of organic templates formed by small peptides (12, 22, 23) .
Therefore, self-assembling properties of synthetic biomimetic molecules have been extensively studied for the same purpose. For example, synthetic lipids such as amphiphilic molecules that append sugar, peptide, and nucleic acid moieties as hydrophilic headgroups (24) form hollow cylindrical architectures that can be further used to incorporate metal particles. Also, since the discovery of amyloid-related diseases, scientists have realized that proteins, but also small peptides, have the general property of forming fibers/nanotubes through a self-assembly process (25, 26) . Therefore, small peptides based on protein sequences have been widely studied for their ability to form well-defined nano-architectures, in particular those forming β-sheet stabilized nanotubes and fibers (27) or fibrous materials from α-helical peptides (28, 29) . The first examples of synthetic peptide nanotubes were obtained by Ghadiri and coworkers (30) in a small diameter range-i.e., from 0.7 to 1.3 nm. These hollow tubes are formed by the one-dimensional packing of alternating D-and L-amino acid cyclic peptides through an antiparallel β-sheet network. Later, other libraries of small diameter nanotubes (internal diameter smaller than 2.4 nm) have been synthesized from either amphiphilic dendritic dipeptides (31) or hydrophobic dipeptides (32) . There are also a few examples of nanotubes with large either polydisperse or monodisperse diameters obtained with surfactant-like peptides (33) , lipid-peptides as the bola-amphiphiles developed by Matsui and coworkers (34) , or amyloid peptides at acidic pH (35) .
However, despite the numerous systems studied, there are few examples of strictly monodisperse nanotubes formed by biomimetic molecules (36) . In an attempt to control the size of selfassemblies built from biomimetic molecules, Shimizu's group developed "wedge-shaped" amphiphiles, in which two hydrophilic moieties of different size are covalently linked to the two ends of a hydrophobic spacer (37) . They theoretically proposed by using a simple geometrical model and experimentally showed that they can control the inner diameter of multilayered nanotubes by varying the length of the hydrophobic spacer (38) .
Until now, none of these studies allowed production of a library of nanotubes covering a wide range of controlled and monodisperse diameters. In all these examples, the self-assemblies are achieved by rather simple molecular packing: either onedimensional packing of cyclic peptides or one-and two-dimensional packing of amphiphilic peptides and/or lipids forming nanotubes, fibers, or lamellae. In the field of synthetic biomimetic molecule self-assembly, the 24-nm-wide nanotubes formed by Lanreotide exhibit as many as four different hierarchical levels of order within the structure and show an unprecedented level of monodispersity. This simple system is, in the field of peptide selfassembly, one of the most carefully characterized in terms of structure (36, 39) and mechanisms of formation (40) . Moreover, its selfassembly properties are already used in medicine with Autogel®, a sustained release formulation formed by a high concentration of peptide in water. Finally, we have also shown that these nanotubes can be used as template for mineralization (41) . Therefore, if the capacity of Lanreotide for forming nanotubes perfectly calibrated in diameter and the possibility of mineralizing these nanotubes are already interesting features for nanotechnology, Lanreotide is also an attractive system because it can be studied as a model allowing fundamental insight into self-assembly mechanisms that should increase our understanding and therefore our control of these phenomena. The aim of the present work is to find the molecular keys allowing the diameter control of the nanotubes.
One of the most noteworthy features of Lanreotide nanotubes is that their walls are curved two-dimensional crystals, and this high degree of order led us to work on a structural approach. Indeed, the structure of the nanotube walls and further evidence from studies on derivatives (42, 43) suggested that the amino acids involved in close contact between peptides could play a role in setting the nanotube diameter. Moreover, the recently elucidated mechanism of formation of these nanotubes shows that the curvature radius of the nanotube is fixed at a very early stage of the assembly-i.e., before the nanotube closure, upholding the idea that molecular determinants control the curvature radius of the final nanotubes (40) . We therefore based the present work on a central hypothesis-i.e., the size of the amino acids involved in the close contact between peptides within the crystalline walls of the nanotubes directly control the diameter of the nanotubes. All the strategy of this work is based on the size modification of one precise aromatic amino acid, and we demonstrate that this approach does indeed enable the accurate tuning of the diameter of the nanotubes from 9 to 35 nm while keeping their monodispersity.
Results
Peptide Design. Lanreotide (NH-D-2-Nal-cyclo-½Cys-Tyr-D-TrpLys-Val-Cys-Thr-CONH 2 ) is an octapeptide cyclized by a disulfide bridge (Fig. 1) . Its sequence has some very peculiar features, such as (i) three of the eight amino acids are aromatics, (ii) the peptide is positively charged in pure water (at the N terminus and on the Lys), (iii) two of the amino acids are in the D conformation, and (iv) one of the aromatic residues is unnatural (D-2-Nal) (Fig. 1A) .
Lanreotide self-assembles reversibly into micrometer-long, hollow nanotubes with a rigorously monodisperse diameter (24.4 nm) (36) . The low-resolution structure of the nanotube wall shows that the peptides are stacked in a two-dimensional curved crystal in which lanreotide is packed in a two-dimensional monoclinic lattice with i ¼ 20.7 Å, j ¼ 20.8 Å, γ ¼ 117.2°. The j vector that is at an angle of 48.3°with respect to the direction of the cylinder axis follows the direction of the antiparallel H-bound network, and the i vector at an angle of 68.9°is due to lateral packing of the peptides through aromatic interactions. The wall thickness of 18 Å implies that the building block of the nanotubes is a dimer. Moreover, due to a systematic segregation of the aromatic moiety of the molecule, it is a face-to-face dimer. The structures of the two peptide layers (Fig. 3 A and B) are different in terms of molecular packing and close contacts. Aromatic lateral chains are particularly important for the cohesion of peptide self-assemblies (44) because their stacking driven by hydrophobic effect is geometrically controlled by the rigidity of the aromatics itself. Therefore it was very interesting to note that within the walls of Lanreotide nanotubes, the two aromatics D-Nal and D-Trp are involved in the close contacts within the crystal but each on a different layer (Fig. 3 A, A/B, and C). Previous results showed that the mutation of D-Trp into D-Phe led to the formation of monodisperse nanotubes of 18-nm width instead of 24 nm, while keeping an identical molecular and supramolecular organization (36, 43) . The hypothesis tested in this study is that the close contacts drive the curvature radius of the crystal and therefore the nanotube diameter. Therefore, the Trp in position 4 was replaced by 16 different aromatic side chains whose structures are shown in Fig. 1 . To demonstrate the generality of this approach we chose to incorporate aromatic structures consisting of mono-(derivatives 1 to 12 and 16), di-(derivatives 14, 15, and 17), and tri-cycles (derivative 13). These cycles could either incorporate one (derivatives 2, 5, 14, and 15) or two heteroatoms (derivative 1) such as sulfur or nitrogen or bear a substitution such as fluorine (derivatives 3, 4, 6, and 8), bromine (derivatives 7, 12, and 16), or oxygen (derivative 9). Nanotube Characteristics. Compounds 1 to 17 spontaneously selfassemble in aqueous solution into nanotubes as shown by small angle X-ray scattering (SAXS) and electron microscopy ( Fig. 2) . If the electron micrographs show different diameters depending on the peptide sequence they are unsuitable for size determination, because the procedure itself induces some deformation of the nanotube in particular due to the drying of the sample on the grid. Therefore, the precise diameters of the nanotubes were extracted from the SAXS patterns. The X-ray patterns recorded for the 17 peptides are superimposed in Fig. 2 Left. All the patterns exhibit regular oscillations that can be attributed univocally to the form factor of monodisperse hollow cylinders. These regular oscillations are well fitted by normalized Bessel functions of zero order ½J 0 ðq · r 0 Þ∕q · r 0 2 . This mathematical model is the theoretical form factor of infinite hollow columns (45) , where the only variable parameter is the mean radius of the column r 0 . The high number of Bessel oscillations (up to 12) demonstrates the monodispersity of the nanotube radii within a given sample (see Fig. S1 ). The increase of polydispersity within the sample rapidly induces the decrease of the number of the oscillation on the X-ray pattern (see Fig. S1 ) and is therefore the approach we used to determine the polydispersity index of our sample. In our case, for all the nanotubes except 2 (those formed with derivative 13 ([β-(2-fluorenyl)-D-Alanine]) and 16 (½o-Bromo-D-Phenylalanine 4 ), the polydispersity is lower than 3%. For derivatives 13 and 16, the polydispersity is about 5%. Aside from this very good polydispersity index for all the samples, these results demonstrate unambiguously that the radii of the nanotubes depend on the peptide sequence and in particular on the structure and size of the side chain in the fourth position. The correlation of the minima between adjacent oscillations with the zero of the Bessel function gives access to the diameter of the nanotubes as reported in Fig. 2 and Table 1 .
Another argument in favor to the monodispersity of the nanotubes is that Bragg peaks are visible on the majority of the SAXS patterns (13 patterns over 17), indicating a crystallization that can occur only with monodisperse nanotubes. These reflections can be indexed by a hexagonal lattice model that reveals the crystallization of the nanotubes in a hexagonal network. Interestingly, the hexagonal parameter depends on the nanotube diameter. In our previous work (36, 43) we proposed that, due to electrostatic repulsion, a separate nanotube cannot exist but is stabilized by the vicinity of other ones, explaining the organization of the lanreotide nanotube in a hexagonal lattice. Moreover, by a simple calculation, we proposed that, to be at equilibrium, the distance between the nanotubes should be about the nanotube radius, leading to a hexagonal parameter of approximately 3R (36) . For all the 13 derivatives exhibiting Bragg peaks, we found that the average ratio between the hexagonal parameter and the diameter is about 2.9 AE 0.4, confirming the previous hypothesis (see Table 1 ).
Finally, all the SAXS patterns recorded for the derivatives exhibit the same three reflections between 0.35 Å −1 and 0.37 Å −1
(gray line in Fig. 3 ). For lanreotide, it was previously shown that these reflections, corresponding to repetitive distances between 17 Å −1 and 18 Å −1 , arise from an antiparallel β-sheet network (36) built between the molecules to form the wall of the nanotubes. The signature of the β-sheet network indicates that the lanreotide-type molecular packing is preserved in these new peptide nanotubes.
Nanotube Mineralization. These nanotubes of different diameters can be used as templates for mineralization with silica, as already obtained for lanreotide nanotubes (41) (Fig. 2 , electron micrographs on the right panel; and Table 1) . The electron micrographs demonstrate the mineralization of the nanotubes as no staining was used, the electron density of silica being high enough for a direct visualization. Moreover, the diameters of the composite nanotubes, measured from TEM micrographs are in good agreement with the pure peptide nanotubes ( Table 1 ), indicating that the peptide organization is not altered by the interaction with silica. Moreover, composite nanotubes of increasing size from 13 to 29 nm have been synthesized, demonstrating the potential use of these nanotubes of controlled sizes as templates for mineralization.
Geometrical Model. The nanotube wall is formed by a peptide bilayer that protects the hydrophobic aliphatic and aromatic residues from water ( Fig. 3 A/B , red and blue, respectively) and exposes the hydrophilic one to water (Fig. 3A/B, green) . The (Fig. 3A ) and external layers (Fig. 3B) are formed by the lateral packing of amyloid-like filaments-i.e., peptides linked by an intermolecular antiparallel β-sheet network. As shown in Fig. 3 A and B), the two layers are not equivalent because the intermolecular H-bond network and the close contacts between the filaments involve different amino acids. Indeed, on one layer, the close contact between the filaments involves the D-Trp (Fig. 3B , underlined in red) and on the other the D-Nal (Fig. 3B , underlined in orange). Considering the importance of aromatic lateral chains in peptide self-assemblies (44, 46) , the fact that these two aromatic lateral chains could act as lever arms in the structure appears very attracting.
In previous experiments, we showed that changing the D-Nal of the lanreotide sequence into a D-Phe abolished the selfassembly properties, whereas the analogue where the D-Trp was replaced by a D-Phe kept similar self-assembly properties (36). Experimental structural parameters (hexagonal lattice, nanotube diameters, and polydispersity index determined from SAXS patterns); size hindrance parameter δ i measured with Chem3DUltra; theoretical diameters calculated from the geometrical model; difference between experimental and theoretical diameters in % and diameters of the mineralized nanotubes. The intermolecular H bonds of the filament involve different residues as well as the lateral packing of the filaments. In particular, the close contact between the filaments in the external layer involves the aromatic Nal residue (A, underlined in orange), whereas it involves the Trp in the internal layer (B, underlined in red). These two layers superimposed with the C2 axes (black dots) form a bilayer (A/B) that exposes the hydrophilic residues to water (green surfaces) and protects the hydrophobic aromatic (red) and the hydrophobic aliphatic (blue) residues from water. The red and orange circles show the internal and external contact, respectively -i.e., the Trp and Nal residues. The unit cell of the bilayer is shown in the lower part of A/B as a trapezium. The green and red underline the hydrophilic nature of the surfaces of the walls and the aromatic core of the bilayer, respectively. The external Nal and internal Trp close contacts are shown as orange and red circles. Moreover, the nanotubes spontaneously formed were monodisperse in diameter but smaller than those obtained with lanreotide. In this study we therefore focused on the D-Trp substitution and synthesized 16 different peptides.
We first confirm that the layer involving the Trp in close contact between adjacent filaments (Fig. 3B) is in fact the internal layer of the nanotube. In a first analysis, the size increase of the aromatic side chain in position 4 induces an increase in the diameter. If the close contact generated by the Trp had been on the external layer, the size increase would have induced a decrease in the nanotube diameter as shown in Fig. 3C .
From this simple consideration we built a geometrical model based on the simplified projection of the unit cell (Fig. 3 A/B  and D) . This model shows a perpendicular cut of the bilayer, the red layer sandwiched in between two green ones corresponds to the aromatic interior of the bilayer, and the orange and red circles represent the D-Nal and D-Trp supporting the close contacts in the external and internal layer, respectively. In this model e is the distance between the external and internal close contacts (e ¼ e w ∕2, e w being the wall thickness), and F and f i are the lengths between two close contacts on the external and internal layer, respectively-i.e., between two D-Nal for the external layer and between two D-Trp on the internal layer. In this model F is constant and f i can be expressed by a constant length f and δ i , which is the characteristic length of the aromatic in the fourth position. From this model, we determined the relationship between δ i and the nanotube diameter D i (Fig. 3C) To test this model, we looked for the relevant distance of the aromatic moiety. First of all, the fact that these lateral chains are built from aromatics also means that these chemical groups are rigid, making the distance measurement easy. Nevertheless, the difficulty comes from the fact that the structure determined for Lanreotide nanotubes is not an atomic one, and, consequently, there is no precise indication of the orientation of the aromatic moiety within the nanotube wall. In solution, the aromatics are free to rotate, and in the nanotube wall they probably adopt a fixed conformation adapted to the molecular packing. Therefore, to verify this geometrical model, we should test all possible distances δ i . These distances have been measured and classified into different sets depending on the angle between the C ala -C ϕ bond and the distance measured (see SI Text for details). For each set of distance we plot δ i versus 1∕D i and fit the best straight line, leaving the origin and the slope as adjustment parameters. The results of these fits were then examined, and only four fits giving reasonable values for e and f were kept (see Table S1 for details). To discriminate between these four different fits, the structural parameters e and f were determined from the slope and the origin of the fitted straight lines after fixing F to 19.7 Å, in agreement with the unit cell parameters (36) . In Fig. 3E the best fit and the distance measurements schematized on Trp are superimposed together (see SI Text for the other fits). The red arrow indicates the one that fits the geometrical model (the size parameter fitting with the model is indicated for each residue by a red arrow in Fig. 1) . The values for e and f extracted from the fit are 6.9 Å and 10.7 Å, respectively, in very good agreement with the structural data (36) . Table 1 shows the experimental and calculated values of the nanotube diameters. Except for two of the 17 derivatives (3 and 16), the agreement with the experimental and theoretical diameter is very good; i.e., the average difference between the experimental and the theoretical values is below 4%. This model also predicts the maximal size of the aromatic, as for F ¼ f the curvature radius will be infinite; i.e., this limit would be reached for a characteristic size of the aromatic δ i ¼ 10.7 Å.
Discussion and Conclusions
In the literature, attempts to control the size of nano-architectures by chemical structure modification have very often failed. Indeed, whereas monodispersity can be achieved, there have been very few examples of successful size tuning by chemical modification. One example is the modulation of the inner diameter of polydisperse multilayer lipid nanotubes formed by a bola-amphiphile. The number of layers could not be controlled, but the inner diameters of the self-assembled nanotubes could be increased from 15 to 22 nm at intervals of 1.5 nm on average by lengthening the oligomethylene spacer by two carbon atoms (38) . In our case, the wall of the nanotubes is 2D curved crystal of peptides leading to perfectly monodisperse diameters between 10 and 36 nm. The reason for this success comes from the indepth knowledge we previously acquired on the structure of the lanreotide nanotubes as it allowed the identification of one of the lever arm that directly influence the diameter of the nanotube. Therefore, this study underlines that, in the perspective of using self-assembly phenomena in nanotechnology, the precise characterization not only of the architecture morphology but also of their molecular and supramolecular structure is a prerequisite to monitor the size and shape of the self-assembled architecture.
Uniquely, the diameter of nanotubes has been precisely tuned over such a wide range by chemical modification of the building blocks without changing monodispersity and keeping the fascinating organization of lanreotide. Moreover, these diameters can be predicted with an average accuracy of about 4% by a simple geometrical model that explains how a size increase of about 2 Å on a side chain of a peptide sequence induces a diameter increase from 10 to 36 nm. We also show that these new monodisperse peptide nanotubes can be used as templates for biomineralization, because double-walled silica nanotubes with monodisperse diameters selforganized into highly ordered centimeter-sized fibers were synthesized. This fine control of the diameter of silica nanotubes opens the way to a wide range of applications in nanotechnology, such as optical fibers, nano-filtration, and chemical reservoirs.
Material and Methods
Chemicals. Amino acid derivatives were from Bachem, Fluka, Acros Organics, and NeoMPS. Peptide synthesis resin was from Novabiochem (Merck Bioscience) and ion-exchange resin from Bio-Rad Laboratories Inc. Peptides 11 and 15 were supplied by IPSEN Pharma.
Deionized water (18 MΩ) was obtained using a Millipore Milli-Q Plus resin exchanger. Scavengers, coupling agents, cleavage reagents, and solvents for synthesis and RP-HPLC were from Aldrich and VWR products and were used without further purification.
Peptide Synthesis and Purification. Synthesis of cyclic peptides was performed by Fmoc/tBu solid phase peptide synthetic method. The peptide chain was first assembled and then cyclized on-resin. Cleavage and side chain deprotection were performed simultaneously, followed by purification and counter ion exchange (47) . Purity of the final products was checked by HPLC/MS (see SI Text for details on amino acids and peptide synthesis).
LC/MS Analysis and Purification. HPLC was performed using a Waters system (2525 binary gradient module, in-line degasser, 2767 sample manager, 2996 Photodiode Array Detector). The eluent was a gradient of A (99.9% water / 0.1% HCOOH) and B (99.9% ACN / 0.1% HCOOH). Either analytical or preparative X-bridge C18 columns were used. The mass spectrometer was a Waters Micromass ZQ system with a ZQ2000 quadrupole analyzer. The ionization was performed by electrospray and the other parameters were as follows: source temperature 120°C, cone voltage 20 V, and continuous sample injection at 0.3 mL∕ min flow rate. Mass spectra were recorded in positive ion mode in the m∕z 100-2,000 range and treated with the Mass Lynx 4.0 software.
NMR Analysis.
1 H-NMR experiments were performed on a Bruker Avance 400 Ultrashield. Spectra were recorded at room temperature at 400 MHz, samples were dissolved in D 2 O at a concentration of approximately 5 mM. The D 2 O singlet signal was set up at 4.79 ppm. Chemical shifts are given in ppm and the coupling constants in Hz (see SI Text for details on the peptide characterization).
Negative Staining. The lanreotide solution was deposited onto freshly glow-discharged 400-mesh collodion/carbon-coated grids and allowed to settle for 1 min. Grids were then quickly blotted, briefly rinsed with distilled water, and stained with uranyl acetate solution (2%). The grids were then observed with a Philips CM12 microscope operating at 80 kV.
Small Angle X-ray Scattering (SAXS). SAXS was performed on the high brilliance SWING beam line (12 KeV) at the Soleil Synchrotron Facility (48) using sample-detector distances of 0.5 to 1 m depending on the experiments. The diffraction patterns were therefore recorded for reciprocal spacing q (Å −1 ) from 0.02 to 2.1 Å −1 -i.e., a range of repetitive distances d ¼ 2π∕q from 310 Å and 3 Å. The X-ray patterns were detected and recorded via a chip charge-coupled device camera detector.
The samples were prepared in 1.3-1.6 mm glass capillaries (Glas Technik and Konstruktion, Schönewalde bei) and introduced into a homemade capillary holder accommodating 20 capillaries at controlled temperature or subject to a computermonitored controlled temperature program. All samples exhibited powder diffraction and scattering intensities as a function of the radial wave vector, q ¼ 4π sin θ∕λ, which was determined by circular integration.
Synthesis of the Silicated Nanotubes. The synthesis of silicated nanotubes was realized as described (41) for silicated nanotubes of lanreotide. Peptide nanotube gels were prepared at ambient temperature using peptide acetate powder dissolved in pure water (5% w∕w). The silica precursor solution was an emulsion of TEOS in water (30% w∕w), prepared 24 h before use. The fiber syntheses were carried out in 1.5 mm glass capillaries (GLAS Technik & Konstruktion). The samples were prepared by sequential deposition of 15 μL of peptide gel and then 15 μL of the silica precursor in the capillary. The fibers appeared after a time ranging from 48 h to one week. The resulting white fibers were removed from the tube and dried under vacuum at 80°C.
